Computer simulation study of tailored testing strategies for objective-based instructional programs. by Spineti, John P.
University of Massachusetts Amherst
ScholarWorks@UMass Amherst
Doctoral Dissertations 1896 - February 2014
1-1-1973
Computer simulation study of tailored testing
strategies for objective-based instructional
programs.
John P. Spineti
University of Massachusetts Amherst
Follow this and additional works at: https://scholarworks.umass.edu/dissertations_1
This Open Access Dissertation is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for inclusion in
Doctoral Dissertations 1896 - February 2014 by an authorized administrator of ScholarWorks@UMass Amherst. For more information, please contact
scholarworks@library.umass.edu.
Recommended Citation
Spineti, John P., "Computer simulation study of tailored testing strategies for objective-based instructional programs." (1973). Doctoral
Dissertations 1896 - February 2014. 2908.
https://scholarworks.umass.edu/dissertations_1/2908

COMPUTER SIMULATION STUDY OF TAILORED TESTING
STRATEGIES FOR OBJECTIVE-BASED INSTRUCTIONAL PROGRAMS
A Dissertation Presented
by
JOHN P. SPINET
I
Submitted to the Graduate School of the
University of Massachusetts in
partial fulfillment of the requirements for the degree of
DOCTOR OF EDUCATION
November 1973
Educational Research—Science Education
(c) John P. Spinet! 1973
All Rights Reserved
A COMPUTER SIMULATION STUDY OF TAILORED TESTING
STRATEGIES FOR OBJECTIVE-BASED INSTRUCTIONAL PROGRAMS
A Dissertation
by
JOHN PATRICK SPINETI
Approved as to style and content by:
Dr. Kenneth D. Cashin (Member)
Dr. Hariharan
cU~
Swaminathan (Member)
k- 4U
Dwight W. Allen
Dean
School of Education
December 17, 1973
Computer Simulation Study of Tailored Testing
Strategies for Objective-Based Instructional Programs
John P. Spineti
University of Massachusetts
Abstract
Among the novel approaches to monitoring student progress in ob-
jective-based instructional programs is the technique of tailored
testing. Tailored testing has been defined as a strategy for testing
in which the sequence of test items a student receives is dependent
on his performance on earlier items.
The amount of testing required in objective-based programs has
been criticized, but to some extent this amount can be justified on
the grounds that testing is an integral part of the instructional
process. Nevertheless research is needed on strategies that offer
the potential for reducing testing time that do not result in any
appreciable loss in the quality of decision making from test results.
In objective-based programs where the objectives can be arranged into
hierarchies, one promising strategy is that of tailored testing. Some
excellent work has been done by Richard Ferguson but his work provides only
a beginning to the rather complicated problem of developing efficient
tailored testing strategies. In addition, because of the complexity
of his procedures, his tailored testing strategies can be applied only
to computer-administered tests. Unfortunately many objective-based
programs at the present time are implemented without the aid of computer
terminals for instruction and testing. Therefore, what is needed is
data pertaining to the effectiveness of a multitude of tailored testing
ii
strategies, strategies that can be implemented without the aid of com-
puter, to facilitate the eventual implementation of tailored testing.
This study was designed to investigate the effects of several
factors on the quality of decision making and on the amount of test-
ing t. Jie in a tailored testing situation. The factors chosen for
study because of their perceived importance were: Test length, start-
ing point, routing strategy, ability distribution, hierarchical structure
of the objectives, and observed mastery cutting score.
In view of the complexity of conducting empirical studies to
investigate the effectiveness of a large number of tailored testing
strategies it seemed rather clear that a computer simulation approach
was the best way to proceed. It was felt that such an approach would
produce some interesting results on the relative value of different
tailored testing strategies. These results would then provide a basis
for designing some follow-up empirical studies on carefully selected
levels of the more interesting factors as revealed by the simulation
study.
A tailored testing strategy was defined by a test length, a
mastery cutting score, a starting point, and a routing method. The
two criterion measures for evaluating the tailored testing strategies
were the number of objectives tested and the agreement between true and
observed mastery records.
The results indicated that it was possible to obtain an overall
reduction of more than 50% in testing time by utilizing a tailored
testing procedure as an alternative to a conventional testing procedure.
iii
Furthermore among the various tailored testing strategies, testing time
was lower by about 15% when testing was initiated in the middle rather
than at the extremes of the learning hierarchy. With regard to the
number of errors of classification, as expected, the longer the test
the fewer the average number of errors. There was, on the average,
a 40% reduction in the number of errors of classification with a five-
item test and an observed mastery cutting score of 0.80 when compared
to a one-item test with an observed mastery cutting score of 1.00.
Also, it was noted that the positioning of the cutting score affected
the type of classification errors. If the observed cutting score was
set above the true mastery cutting score, the majority of errors were
of the false-negative type; however, if it was set lower, the highest
percentage of errors were of the false-positive type. The results of
the study were basically the same for two different learning hierarchies
although tailored testing strategies with the hierarchy with two terminal
objectives were slightly less favorable than with the hierarchy with a
single terminal objective. Finally, although the analysis of routing
methods was not extensive, this work did indicate the importance of
routing methods on the overall effectiveness of a tailored testing
strategy.
iv
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Chapter I
Introduction
1.1 Background
The overall goal of an individualized instructional program is to
provide an educational program which is maximally adaptive to the re-
quirements of the individual learner. Instructional objectives generally
provide the structure for the curriculum and serve as a basis for the
development of lesson materials and tests. A basic assumption of many
individualized programs is that students can progress most effectively
if they proceed through a sequence of structured objectives at a rate
which will allow the student to master each objective before proceeding
on to the next.
While suggestions for developing individualized instructional pro-
grams were made as early as 1922 by Washburne (1922) and more recently
by Wilhelms (1962)
,
it has only been in the last few years that we have
seen any implementation of large-scale individualized instructional
programs. Among the better-known large-scale programs are: Individually
Prescribed Instruction (IPI) (Glaser, 1968, 1970), Program for Learning
in Accordance with Needs (PLAN) (Flanagan, 1967, 1969), Computer-As si sted
Instruction (CAI.) (Suppes, 1966; Atkinson, 1968; Atkinson and Wilson,
1969), Individualized Mathematics Curriculum Project (DeVault, Kriewall,
Buchanan, and Quilling, 1969), and Mastery Learning (Carroll, 1963, 1970;
Bloom, 1968, and Block, 1971)
.
At the present time there is little information available on test-
ing methods and decision making procedures for individualized instruc-
tional programs. In part this is because of the rather different nature
- 1-
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of the testing problems encountered in these new programs. Needed are
.cr i t eri on^re_fe reneed tests which are designed to measure student per-
formance on specific behavioral objectives along an absolute ability
continuum. These tests differ from norm-referenced tests which are
principally designed to facilitate making comparisons among students
(Popham and Husek, 1969; Glaser and Nitko, 1971; Hambleton and Novick,
1973).
Among the novel approaches to monitoring student progress via the
use of criterion-referenced tests in individualized instructional pro-
grams is the technique of branched
,
sequential
,
or tailored testing
(Lor/, 1970; Ferguson, 1969). Tailored testing has been defined as a
strategy for testing in which the sequence of test items a student
receives is dependent on his performance on earlier items.
1.2 Objective-Based Instruction, Testing and Measurement
Among the basic features of individualized instructional programs
as developed by Glaser (1970) and Glaser and Nitko (1971) are two com-
ponents, one which relates to the goals of learning which are stated
in behavioral terms and a second which relates to the assessment of
student performance which is continuously monitored. In certain pro-
grams the goals of learning are represented in a hierarchical structure.
Objectives within the hierarchy may be arranged in a series of linear
sequences. In testing objectives on such a structure one can make
inferences about objectives in the hierarchy which have not been tested.
If, for example, an examinee is found to have proficiency in a
specified
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objective, all objectives prerequisite to it are also considered mastered.
If the examinee lacks proficiency in an objective it can be inferred
that all objectives to which it is prerequisite are also unmastered.
The primary measurement problem in most individualized instruc-
tiona. programs, at least at this stage of their development, is one
of determining if a student's true mastery level, tt^, is greater than
or equal to a specified standard, it . The value it, is the "true"
o 1
score for an individual "i" in the domain of items measuring the be-
havioral objective where mastery assessment is of interest. Since,
in theory at least, there are an unlimited number of items in the
domain, a small sample of items is generally selected from the domain
to obtain an estimate of the student's true mastery level, represented
by fr^. The standard is the cutting score used to partition indiv-
iduals into the mastery and non-mastery states on particular objectives
in the hierarchical structure.
In order to design instructional programs so as to provide instruc-
tion which is responsive to individual differences, continuous and
reliable feedback of information is necessary to place each student at
a point in the curriculum commensurate with his performance level. An
example of a program where this is done is the Individually Prescribed
Instruction (IPI) program. For example, in this program the curriculum
is defined in terms of behavioral objectives which are organized into areas,
levels, and units. In such a program the test constructor must pro-
vide instruments to facilitate the placement and diagnosis of pupil
achievement
.
Lindvall and Cox (1970) in a study of evaluation of the IPI program
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state:
Under this plan for individualization each time a
pupil faces a new unit of instruction during any part
of the school year, the teacher must have information
about what that pupil does or does not know in order
to plan an efficient and effective program tailored to
the individual. As the pupil proceeds by working on
the appropriate instructional materials, the teacher
monitors the pupil's progress in mastering the behavioral
skills in his particular instructional sequence, so
that an efficient instructional program can again be
planned to that pupil. A continuous diagnosis of
performance provides necessary feedback for l^ng-
range planning and periodic modification, when
necessary, of individual programs. Diagnosis of
pupil performance thus allows for pupil placement
in the instructional sequence and provides for a con-
tinuous evaluation of pupil progression throughout the
course of study.
To assist in placing a student at the appropriate place in the cur-
riculum it has been suggested that a tailored testing strategy may be
helpful. Tailored testing strategies have been shown to significantly
reduce the amount of testing time without any loss of accuracy in
classifying students into mastery states (Ferguson, 1969).
1.3 Statement of the Problem
There are many problems associated with the development and imple-
mentation of objective-based programs. Among the problems are those
related to testing. The amount of testing required in objective-based
programs has been criticized, but to some extent this amount can be
justified on the grounds that testing is an integral part of the in-
structional process. Nevertheless research needs to be done on
strategies that offer the potential for reducing testing time
that do
not result in any appreciable loss in the quality of
decision making
from test results. In objective-based programs where the objectives
-5-
can be arranged into hierarchies, one promising strategy is that of
tailored testing (Ferguson, 1969). Some excellent work was done by
Ferguson but his work provides only a beginning to the rather com-
plicated problem of developing efficient tailored testing strategies.
In addition, because of the complexity of his procedures, his tailored
testing strategies can be applied only to computer-administered tests.
Unfortunately many objective-based programs at the present time are
implemented without the aid of computer terminals for instruction and
testing. Therefore, what is needed are data pertaining to the effective-
ness of a multitude of tailored testing strategies, strategies that can
be implemented without the aid of computers, to facilitate the eventual
implementation of tailored testing.
1.4 Purposes of the Investigation
Tailored testing is a technique or strategy that has been suggested
for use in objective-based programs because of its potential for reduc-
ing the amount of testing time without any loss in the quality of
decision-making via the use of criterion-referenced test data.
This study was designed to investigate the effects of several
factors on the quality of decision making and on the amount of testing
time in a tailored testing situation. The factors chosen for study
because of their perceived importance were: test length, starting
point, routing strategy, ability distribution, hierarchical structure
of the objectives, and observed mastery cutting score.
Rather obviously the number of items (test length) used to assess mas
tery of objectives will be a factor in determining the overall effective-
-6-
ness of a tailored testing strategy - other things being equal, the
longer the test the more accurate will be the decision-making. Whether
one chooses to initiate testing at the bottom, middle or top of the
hierarchy and how one chooses to route a student from one objective
to an. Lher in the hierarchy will also affect the efficiency of a
tailored testing strategy. The level of ability of the examinees is a
factor also, since for example, a tailored testing strategy which util-
izes prior information on the abilities of the examinees will be better
than one that does not. Finally, the effectiveness of any tailored
testing strategy is likely to be dependent on the particular hier-
archical structure of the objectives.
An important consideration in our work was that tailored testing
strategies under investigation be implementable without the aid of
computer terminals. The primary effect of this was that it ruled out
the possibility of using complex decision-making rules such as the one
adopted by Ferguson (1969) . Also in our work we required a fixed number
of items to assess mastery of each objective tested, items were scored
right or wrong, and all items measuring a particular objective were
assumed to have similar statistical properties. Individual performance
on the test items was assumed to be represented by the binomial test
model (Lord and Novick, 1968). Let us be quick to point out however
that we certainly do not believe that the tailored testing strategies
we studied could be implemented easily. Much research would still
need to be done on the implementation phase. Our primary purpose was
to produce some data on the effectiveness of various tailored testing
strategies that could be implemented in an objective-based program and
- 7-
that would not require a computer terminal for the administration of the
test items.
In view of the complexity of conducting empirical studies to in-
vestigate the effectiveness of a large number of tailored testing
strategies it seemed rather clear that a computer simulation approach
was the best way to proceed. It was felt that such an approach would
produce some interesting results on the relative value rf different
tailored testing strategies. These results would then provide a basis for
designing some follow-up empirical studies on carefully selected levels
of the more interesting factors as revealed by our simulation study.
One benefit of adopting a computer simulation approach was that we
eliminated some of the problems that are related to item validation
(Rovinelli and Hambleton, 1973 ), item selection (Glaser and Nitko, 1971),
and establishment of the hierarchical structure of a set of objectives.
Chapter II
Review of the Literature
2.1 Introduction
Work on tailored testing has only recently attracted the attention
of educational researchers. While there were several studies in the
1950s and early 1960s, Lord's recent work in the area (Lord, 1970; Lord,
1971 a, b, c, d, and e) has done much to bring attention to it. Lord
has mainly been concerned with improving the precision of measurement
of a examinee's latent ability and at the same time, decreasing the
amount of testing time.
Ferguson's work in 1969 typifies a second line of research in tailored
testing. It is an adaptation of tailored testing to situations in which
the testing problem is one of classifying individuals into mastery states
rather than precisely estimating their ability.
In the remainder of this chapter we have provided a brief review
of both lines of research. The chapter is concluded with a summary
section.
2.2 Tailored Testing and Measurement Problems
According to Lord (1970) a tailored test is a test in which each
item is selected on the basis of the examinee's responses to previous
items. The objective is to match the item difficulty to the examinee’s
ability. Early testing of this type has been referred to as "branched,"
"programmed," "sequential item," or "computerized" testing. The key
concept is that an examinee's ability is measured most effectively when
the test items are neither too difficult nor too easy for him. The value
- 8-
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of tailored testing is therefore primarily for those examinees for whom
the conventional test would be too difficult or too easy; however, con-
siderable savings in testing time can be effected for all examinees
as will be demonstrated later in this review.
In the area of testing for the purpose of measurement a number of
studies have been performed. The procedure as described by Lord (1970)
is concerned with "measuring" a single examinee’s ability with respect
to one psychological dimension. The problem then becomes one of esti-
mating or determining the ability level of the examinee on a psycho-
logical continuum using n test items as efficiently as possible. An
optimum strategy for item selection is unknown since the examinee's
ability level is unknown, but a "best" strategy has been tried by Lord.
A form of stepping or branching is applied whereby if an examinee's true
score is equal to or above the cutting score, the next item administered
is more difficult, and if his true score is below the cutting score,
a less difficult item is administered. A shrinking-step-size procedure
in which a large step size in terms of item difficulty is applied for
the first few items so that the item difficulty can be rapidly adjusted
to suit an extreme examinee is suggested by Lord. In this strategy
smaller step sizes are ultimately applied to converge on the "best"
value of the examinee's ability.
Lord also suggests two strategies for reducing the effects of
chance success. To insure that the examinee will eventually be answer-
ing 60 to 70 percent of the items correctly, he recommends that the
step size in the positive direction be made smaller than the step size
in the negative direction. Alternate to this procedure or as a
supplement Lord also suggests that items of equal difficulty coiOd be
-10-
combined into blocks. The score on each block of items could be used
to determine which subsequent block of items to administer to the
examinee next. When this technique is applied, the effect of guessing
cc rectly on one item does not have as great an influence on the branch-
ing procedure.
Cleary, Linn and Rock (1968a) performed an exploratory study of
tailored testing with the objective of reducing testing time in large
scale testing and of producing information for evaluation purposes.
The simulated tests consisted of two sections: (1) a routing section
of 20 items with branching to direct the examinee to appropriate items
>
*
and (2) a measurement section. In this study it was found that sequen-
tial item sampling based on a point biserial correlation with the total
test score was the best routing procedure since it resulted in the
fewest errors in classification and the highest correlation with total
test score. However the sequential item sampling technique was also the
most difficult method to employ. Cleary suggests obtaining some pre-
dictors of optimal item selection.
In a follow-up study by Cleary, Linn and Rock (1968b) the simulated
reproduction of total test score through the use of tailored tests was
investigated. Two variations on the test strategy were used: (1) the
items were scored sequentially and (2) examinees were assigned to a
group along a total continuum of ability. The procedure resulted in
high correlations with total test score. It was suggested that the
best items for routing might not be the best items for measurement.
In
addition it was recommended that the validity of tailored testing
be
-11-
invest igated under actual test administration. It should be noted that
both of Cleary’s studies used a single internal criterion.
Linn, Rock and Cleary (1969) investigated the use of external
cri.teria in the development and evaluation of several tailored testing
methods. A year and a half following Cleary’s studies, scores were
obtained on the College Board Achievement Test for about two-thirds of
the original population. Five routing strategies and two branching
strategies were utilized. The five routing strategies were the same
as those used by Cleary. The two branching methods were based on a
complete branched tree design as compared to a routing section. One
*
was a ten-item tailored test with branching after each item according
to whether a correct or incorrect response was obtained. The other
was an item-block tailored test where branching occurred after each
block of five items. The results of the tailored tests were compared
with shortened conventional tests of 10, 20, 30, 40, and 50 items. The
comparison was based on the equivalent length of a test which would be
parallel to a 190-item test. The best results for this simulation were
obtained from a tailored testing method.
Two tailored testing procedures for dichotomous decisions were
investigated by Linn, Rock and Cleary (1970) using data of 4000 college
students. The purpose of the study was to investigate the potential
advantages of a tailored testing procedure for multidimensional dichot-
omous designs. The 4080 students were divided into two equal numbered
groups— 2040 students for short tailored testing procedures and short
conventional tests and 2040 students for cross-validation purposes. In
this study existing item response data on three achievement
tests were
-12-
used to compare the use of two tailored testing procedures with con-
ventional testing for purposes of obtaining dichotomous decisions on
each of three dimensions. The three achievement tests used were in
English composition, mathematics, and natural sciences. Two proce-
dures were employed. In the first each dimension was treated inde-
pendently. In the second the decision in mathematics was utilized
in a decision for English composition and for natural sciences. The
results showed that for a given degree of accuracy the first tailored
testing method required one-half as many items as a short conventional
test. The efficacy of the second tailored testing method using
knowledge on one dimension in making the assignment on the second di-
mension depended upon the relationship between the two dimensions.
Lord (1971c) described a study involving a self-scoring flexilevel
tailored test in which the examinee starts with a "middle" difficulty
item and is routed to items depending upon whether or not he answers
the item correctly. The prerequisite for such an application requires
the unidimensionality of the items in the test. Lord suggests
that 2-stage testing could be utilized in relaxing the uni-
dimensionality of the items, but this approach would require complicated
scoring procedures. In Lord's flexilevel test, although different
sets of items are taken by different examinees, scoring methods pro-
vide comparable scores for all under a self-scoring format.
In a study by Stocking (1971) the effect of test length was in-
vestigated for tailored tests with a variety of designs and scoring
procedures. The two methods of design involved the f ixed-step-size
and
the shrinking-step-size procedure. The scoring procedures were
the
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final difficulty score and the average difficulty score. It was con-
cluded that the "best" procedure would be the shrinking-step-size
procedure with a final difficulty score, but this procedure would be
difficult to administer since it requires a very large pool of items.
The fixed-step-size procedure using an average difficulty score pro-
vided nearly as good a measurement as other methods which used shrink-
ing—step—size while requiring far fewer items.
In a theoretical study of two-stage tailored testing, Lord (1971b)
concluded that if items cannot be answered by guessing, two-stage
testing procedures are about as effective as up—and—down procedures
including the fixed-step-size procedure. However if guessing "works"
20 percent of the time, no two-stage procedure matched the "best" up-
and-down procedure. As an extension of his study Lord suggested the
use of more second stages—ten or more—or the use of a three stage
procedure.
2.3 Tailored Testing and Classification Problems
The studies reviewed in the previous section were concerned with
the problem of measurement—estimating a person’s standing on a latent
trait from his responses to a series of ability test items. In some
of the earliest studies of using tailored testing for decision-making,
Cowden (1946) applied Wald’s (1947) sequential testing for assigning
grades in a statistics class. Cowden 's study used subsets of 20 items
administered one at a time selected from a pool of 200 items. Within
certain pre-specified error tolerences, he found that a decision could
be made with most students by using less than one-third of the items
-14-
available.
Using real data simulation techniques to make a dichotomous pass/
fail decision, Moonan (1950) applied the same tailored testing methods.
His results showed that an average of 40 items was necessary to approx-
imate the decision which could be made on the basis of 75 items.
Cronbach (1966) as early as 1954 and Cronbach and Gleser (1965)
suggested the application of tailored testing item presentation pro-
cedures for categorical decision-making. Further support was contributed
in a theoretical finding by Green (1970). He reported a minimum savings
of 50 percent in testing time in a study involving a tailored testing
procedure. The items selected for this study were of equal discriminat-
ing power and were assumed free of chance success due to guessing.
Green (1970), in response to a paper by Lord (1970), indicated that
although tailored testing does not always improve upon conventional
testing in its application to measurement, it could serve a useful
function in decision-making. Green states:
Lord's gloomy conclusions about tailored testing
arise from considering measurement per se rather than
any use to which the measures are put. This restricted
outlook is in tune with our current wasteful decision-
making procedures in education, industry, and the mili-
tary establishment. We typically measure first and
decide later. There is very seldom any interplay be-
tween measurement and decision. No allowance is made
for a decision to collect more data. Cronbach and
Gleser (1965) have argued forcibly that this procedure
wastes information and ignores many aspects of the
decision problem. Both selection and placement prob-
lems, they argued, need to be integrated with the
measurement process in an overall decision procedure
that includes a consideration of costs and values.
Although many measurement experts, including Lord
(1962), are sympathetic with Cronbach and Gleser 's
thesis, practical matters have so far interfered with
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any serious attempt at implementation. Until now ithas been impractical to obtain some measures, considertheir implications, and then possibly obtain further
measures. The computer-controlled test overcomes thepractical difficulties, and serious thought can now begiven to an integrated decision system.
In emphasizing the role of tailored testing in individualized in-
structional programs, Green indicated that when a test is to be used
to determine placement of students on a hierarchy of skills, a tailored
test would be preferred to a conventional test since each student would
be asked to answer only those items which provide information on an
individual at his level of proficiency. The major advantage of com-
puterized tailored testing is in its ability to stop the testing pro-
cedure as soon as a decision can be made. The role of the testing
procedure is therefore to tailor the number of test items required for
a decision and not their difficulty.
c t a 1
.
(1969) suggested that there are some advantages beyond the
psychometric characteristics of the test that should be looked at.
Although the precision of measurement may not be improved, by minimiz-
ing the number of items which are too easy or too difficult for an
individual, the result could be a more challenging and interesting test
for the examinee. Furthermore, the possibility exists that testing
time could be reduced without a reduction in precision of measurement.
These considerations are particularly important in an individualized
instructional program where continuous monitoring of student progress
through testing consumes a large fraction of the time that a student
spends in a program.
There are relatively few studies reported in the area of tailored
testing for classif icatory purposes but one by Ferguson (.1969) using a
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hierarchlcal structure of skills in the University of Pittsburgh's
Indiv^ally Prescribed Instruction Progr.™ ls Q f particular importance.
In his study he was concerned with classifying students with respect
to mastery or non-mastery at each level of a hierarchical structure
and thereby locating an individual's level of proficiency on the learn-
ing hierarchy. To accomplish this, computer-based tailored testing
was applied to a hierarchy of skills in an objective-based curriculum.
In the testing procedure, sequences of objectives can be selected from
the hierarchy and can be listed numerically. Objectives listed numerically
lower in a sequence are prerequisite to those higher in the sequence.
>
'
Tailored testing on a hierarchical structure involves selecting a
starting point—for example, a middle difficulty objective. The number
of items administered to assess mastery of an objective is referred to
as the test length. A sufficiently small number of questions is chosen
so as to minimize testing time while not adversely affecting test re-
liability and test validity. Following the administration of each item
a sequential probability ratio test is used to classify each student
into one of three categories: 1) mastery; 2) non-mastery; or 3) no
decision. When "no decision" occurred an additional item was administered
and the probability ratios were re-calculated. For each objective, items
were administered until the student had a score p^ or above, in which
case he was said to have mastery, or until the student had a score p^
or below, wherein he was classified as non-mastery. According to
Ferguson (1969)
,
"p and p^ are specified such
that indicating sufficient
proficiency in the objective is an error of grave consequence only if
-17-
P
-
P
1
[where p is the proportion correct] and indicating insufficient
proficiency in the objective is a serious error only if p > P i n
Ferguson's model Pq does not equal ?1 and no decision for routing is
made while the student’s score lies between Pq and p . Since the
decision for mastery or non-mastery was not always made on the basis
of a small number of questions, the items administered could under
certain circumstances be extended to a fairly high number. If no
decision were made after thirty questions, the testing was terminated
at that point. The decision under this circumstance was based upon
whether the student s score was closer to mastery or non—mastery. The
routing strategy that lerguson used was fairly complex and a computer
was necessary to perform the actual routing.
The final phase of Ferguson's study consisted of administering his
computerized tailored testing, classification system to 75 students
in grades 1 to 6 and comparing the results with a paper and pencil
conventional test administration. He found a 60 percent savings in
time in the computerized administration using a variety of branched
test models. A test-retest of the tailored testing procedure gave
high reliability, with the reliabilities of the tailored testing
classifications higher than those of the paper and pencil conventional
test approach. The validity of the tailored testing approach was also
found to be high.
In addition, for purposes of placing students within the cur-
riculum, the complete routing model could be used while intensive test-
ing within a unit of work could supplement the complete routing model
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for specific placement within each unit. Ferguson indicated that the
study of tailored testing as applied to Individually Prescribed Instruc -
-L1.?.1* should prove most interesting from a theoretical point of view.
He indicated that tailored testing in the IPI program, where extensive
test?^g is required, is ideal for investigative research and could
result in a reduction of testing time while providing test information
at least comparable to conventional testing.
2.4 Summary
The review of the literature indicates that tailored testing
appears to have a high potential in its application to testing in
individualized instructional programs involving a hierarchy of ob-
jectives. It is clear from the research reported that there is a
vast array of tailored testing procedures which have been proposed,
and undoubtedly still many more to be suggested. However in the area
of making instructional decisions only one study involving an empirical
application has been reported.
Research available on tailored testing shows considerable promise
for the superiority of these methods over conventional testing pro-
cedures. Using a variety of research approaches and a number of
different criteria, tailored tests have been shown to be: 1) con-
siderably shorter than conventional tests, with little or no loss in
validity or reliability; 2) more reliable than conventional tests and
yielding more nearly constant precision than standard tests over a wide
range of abilities; and 3) in many cases more valid than are conven-
tional tests. Tailored tests also have the potential of being more
members in that they are less likely to resultfair to extreme group
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in frustrating experiences, thereby resulting in less errors of mea-
surement.
Chapter III
Methodology
3.1 Introduction
The study was designed to investigate the interactive effects of
six factors assumed to be important in tailored testing research. The
six factors were: test length, starting point, routing strategy, ob-
served mastery cutting score, hierarchical structure of the objectives
and ability distribution of the examinees. The criteria chosen to
evaluate the effectiveness of a tailored testing strategy were the
accuracy of classification decisions relating to mastery and the amount
of testing time. Because of the complexity of the problem, an analytic
solution was not possible; hence it was decided to conduct the investi-
gation using a computer simulation approach. The remainder of the
chapter outlines the methodology for our investigation.
3.2 Terminology
In order to facilitate our discussion of tailored testing research
it was necessary to define several terms. When we refer to test length ,
we mean the number of test items that are used to measure the mastery
of a single behavioral objective. The true mastery score xor an in-
dividual denoted tt is defined as the proportion of items in the domain
of items measuring a behavioral objective that the individual can answer
correctly. An individual has a true mastery score for each
objective
in the learning hierarchy. Typically a cut-off score
or threshold score
called in our terminology, the true mastery cutting
score, denoted
is set to separate individuals into one of two
true niastery
_
sj:£t_c_s
.
(In general, the true mastery cutting score varies
from one objective
-20-
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t o another but in our work it was set at a constant value of 0.8.) An
individual is classified as a true master if tt >. 11
^,
and as a true
non master ii tt < tt^. The information on an individual's true mastery
states across the objectives in a learning hierarchy is defined as his
true mastery record .
Since all items in the domain of items defined by a behavioral
objective cannot usually be administered to an individual for the pur-
pose of assessing his true mastery score, some small number of items
are sampled. The observed mastery scored ft, is defined as the propor-
tion of items that an individual answers correctly of the items sampled.
The 1 served mastery cutting score
,
ft
Q ,
is defined as the proportion
of items on the test measuring an objective that the instructional de-
signer deems necessary for the individual to answer correctly to be
classified as a master. An individual is classified as a master if
ft > ft , and as a non-master if ft < ft . The information on an individual's
— o o
observed mastery states across the objectives in a learning hierarchy
is defined as his observed mastery record .
Conforming with the notation employed by Hambleton and Novick (1973)
we defined a two-valued parameter w to denote the mastery state of an
individual on a particular behavioral objective. If the individual is
a true non-master, i.e., if tt < tt^, we set, w = 0, and if he is a master,
i.e.
,
tt > tt
,
u = 1.
— o
Now if we estimate tt from an individual’s performance on a sample
of test items, then an estimate of w can be obtained in the
following
way
:
T-We note that the observed mastery cutting score is
usually set by the in-
structional designer and is not estimated from the
data as the symbol used
for the cutting score might suggest.
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& 1, if it > tt and
~ o
w = 0, if ft < ft
.
o
Note that t*
o
is usually set as close to tt
q
as possible.
It is now possible to think of an individual’s true mastery record
and gMglvedjastery record as collections of l’s and 0’s denoting
mastery and non-mastery states across the objectives in the learning
hierarchy. It is clear that the error of classification of an objec-
tive, e (“-«)» takes on one of three values, +1, -1, or 0 de-
pending on whether we make a false-positive error (Type II error)
,
false-negative error (Type I error) 1
, or n0 error ln ciasslflcacion- A
false-positive error occurs when an individual is estimated to be a
master when he is not (i.e., tt >_ ft^ and tt < tt^) . A false-negative error
occurs when an individual is estimated to be a non-master when the reverse
is true (ft < ft and tt > tt )
.
o " o
3.3 Discussion of the Factors Under Consideration
(a) Test Length
Test length is one of the most important variables in designing
a tailored testing strategy. In our investigation tests of length 1,
2, 3, 4, and 5 items were considered. This allowed us to span the range
of test lengths typically used by developers of objective-based programs
(Hamb le ton
,
1973).
(b) Starting Point
Of course there are as many starting points for a tailored testing
strategy as there are objectives in the learning hierarchy. For practical
^The usage of the terms, Type I and II errors, should not be confused
with their usage in hypothesis testing.
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reasons we studied only four starting points from each hierarchy of ob-
jectives but they were strategically located to be representative of
available starting points at the bottom, middle and top of the hier-
archy
.
(c) Routing Strategies
Of the many possible routing strategies, a decision was made to
use a simple fixed-step-size procedure for the majority of our analyses.
In this study that meant that when an individual demonstrated mastery
(non-mastery) of a particular objective fl > fl (if < fl \ he was moved
—
o o
to the next highest (lowest) objective in the linear sequence of ob-
jectives being tested. Two additional variable-step-size procedures
were also explored. The first method involved routing the examinee to
the top (bottom) of the learning hierarchy if he was estimated to be
in a mastery state (non-mastery state) on the initial objective tested.
Subsequent routing was based on the simple fixed-step-size procedure. The
second method involved routing an examinee to the top (bottom) of the
learning hierarchy if he demonstrated 100% (0%) mastery of the initial
objective tested in the learning sequence. The usual simple fixed-step-
size procedure was used in cases where examinees did not achieve one
of the two extreme mastery scores. Subsequent routing was also based
on the simple fixed-step-procedure.
Of course there exists an extremely large number of additional
routing procedures that could have been tried. Complex ones were
eliminated from our investigation since they would be difficult, if not
impossible, to operationalize in a classroom testing situation. Only
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three simple ones were tried, in part, this was for economic reasons,
and also because it was our feeling that three routing strategies were
sufficient to provide for some interesting comparisons.
Let us look now in more detail at the three routing methods. To
discuss the routing methods it is convenient to think of the linear
sequences of each hierarchy arranged into a matrix form. The columns
of the matrix correspond to the linear sequences and the rows to the
levels of difficulty of objectives in the sequences. The entries of
the matrix are the numbers of the objectives shown in Figures 3.3.1
and 3.3.2. This meant that with Gagne's hierarchy we had a matrix of
six rows and eight columns. With Ferguson's hierarchy we had a matrix
of nine rows and seven columns. An objective number appeared as many
times in the matrix as there were linear sequences of which it was a
part
.
In simulating an individual's test performance through a tailored
testing strategy with a fixed-step-size routing procedure the first
step was to estimate his mastery state on the objective selected as the
starting point. (Details on how this was done are described in Section
3.6. In this section we will concentrate our attention only on the
routing methods.) If the individual is estimated to have mastered the
objective, he is given credit for having mastered all prerequisite ob-
jectives and no testing is done on these objectives. He is then tested
on the next highest objective in the sequence. In the opposite situa-
tion where an individual is estimated to be in a non-mastery
state for
the initial objective tested, he is assumed to be a non-master of
all
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objectives of which that objective is a prerequisite. He is then tested
on the next lowest objective in the sequence. This process is con-
tinued until a mastery decision has been made for all objectives in
the sequence and all related objectives in other sequences. Moving
on to the next linear sequence the starting point for testing was
taken to be the objective that was at the lowest level above the level
of the last objective tested in the previous sequence, f the indiv-
idual was estimated to be a non-master on the last objective tested
in the previous sequence, then the starting point is the objective
at the highest level below the level of the last tested objective.
Once a starting point was determined the same process was repeated that was
described for the first sequence. This process was repeated for each
linear sequence of objectives in the hierarchy.
The second and third routing procedures were, identical to the
one just described except for the routing decision made on the basis
of an individual's performance on the initial objective tested. The
possible decisions have been described earlier. These last two
routing procedures were similar in approach to suggestions made by
Wood (1971) and Bayroff, Thomas, and Anderson (1960).
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(d) Hierarchical Structure of the Objectives
Of the many learning hierarchies that are available in the litera-
ture two were selected for investigation. They were the learning
structures for hydrolysis of salts (Gagnd, 1965) and addition-subtraction
(Ferguson, 1969) . The second one was selected to facilitate comparison
of some of our results with those of Ferguson. Flowcharts of the hier-
archies are shown in Figures 3.3.1 and 3.3.2. A list of the linear
sequences that make up each hierarchy are shown in Tables 3.3.1 and
3.3.2.
(e) Distribution of True Mastery Scores
iiie distribution of true mastery scores for individuals across the
objectives in the two learning hierarchies was monitored by specifying
the average level of performance and the distributional form of true
mastery scores for the 100 examinees in a middle objective of each
hierarchy. In Gagne's hierarchy (referred to as hierarchy A) the
middle level objective was number 13 (see Figure 3.3.1). In Ferguson's
hierarchy (referred to as hierarchy B) the middle level objective was
number 13 (see Figure 3.3.2). It was assumed that true mastery scores
in the middle level objective followed a beta distribution. First, o.
beta distribution rather than a normal distribution of true mastery
scores was used since the beta distribution is defined on the same
interval (0 to 1) as the true mastery scores whereas the normal dis-
tribution is not. More importantly it was relatively easy to generate
skewed beta distributions of true mastery scores to approximate
dis-
tributions that might be expected to occur with real test data.
Also
a normal distribution is a special case of the beta
distribution.
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Figure 3.3.1 Gagnd’s Hydrolysis of Salts Hierarchy
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Figure 3.3.2 Ferguson’s Addition-Subtraction Hierarchy
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Table 3.3.1
A List of I,inear Sequences for Gagne's
Hydrolysis of Salts Hierarchy
Sequence Objectives Comprising the Sequence
1 1,6,10,12,15,16
2 2,7,10,12,15,16
3 3,8,11,13,15,16
A 3,8,11,14,15,16
5 4,9,11,13,15,16
6 4,9,11,14,15,16
7 5,9,11,13,15,16
8 5,9,11,14,15,16
Table 3.3.2
A List of Linear Sequences for Ferguson's
Addition-Subtraction Hierarchy
Sequence Objectives Comprising the Sequence
1 1,4,7,10,12,13,14,16,17
2 1,9.13,14,16,17
3 1,6
4 2,6
5 3,6
6 2,5,8,11,15,18
7 3,11,15,18
The beta distribution is given by the expression
F(x) ~ 1 ) ! XR " 1 n vN(R - 1) ! (N - R - 1) ! x (1 " x)
R - 1
The two parameters of the distribution, R and N, are related to the
mean and variance of the distribution in this way,
E(x)
= | Var (x) R(N - R)
N
2
(N + 1)
In our simulations, N was set equal to six and the values of R considered
were two, four, and f ive, to generate positively skewed, negatively skewed
and high negatively skewed distributions, respectively, of true mastery
scores in a middle level objective. For particular values of N and R
which specified the shape of the beta curve^and using numerical inte-
gration techniques, the mastery score scale (0, 1) was divided into ten
unequal intervals where the end points of each interval were set in a
way such that 10% of the area under the beta curve was included. In
generating the initial true mastery scores for individuals on the middle
level objective, 10% were selected at random, using a random number
generator, along each of the ten intervals.
Two rules were used to monitor the generation of true mastery scores.
The first was that in any linear sequence of objectives in the hierarchy the
true mastery scores ranged from largest to smallest as one moved from
the bottom to the top of the sequence. The second was that an individual
was assigned true mastery scores that were roughly similar for objectives
positioned at about the same general level of the hierarchy. (This
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constraint was necessary to insure that we could satisfy the first rule.)
Beginning with the sequence in which the initial true mastery score for an
individual was generated, the remaining were obtained in a straightforward
manner. The true mastery score for the next highest objective in the sequence
was generated at random from a uniform distribution on the interval (0, it).
The next lowest was generated on the interval (tt, 1). The process was
repeated until true mastery scores were obtained for all objectives in
the sequence. This process was repeated for the remaining sequence be-
ginning in each sequence with the known true mastery score closest to the
middle of the sequence and imposing the second rule mentioned above.
3.4 Discussion of the Fixed Factors
(a) True and Observed Mastery Cutting Scores
The true mastery score was set at a value of 0.8 for all of our
analyses. This value has frequently been used to categorize individuals
into dichotomous mastery states. The observed mastery cutting score
was varied from one analysis to another depending on the test length.
With the 1, 2, 3, 4, and 5 item tests it was set at 1.00. In addition,
mastery cuttin; scores of .67, .75, and .80 were considered for the
3, 4, and 5 item tests, respectively.
(b) Selection of a Sample Size
Several computer simulations were carried out to determine the
number
of examinees required to produce stable estimates of the
criterion mea-
sures that were used to describe the effectiveness of
the various tailored
testing strategies. The results of these simulations
are summarized
in Table 3.4.1 to 3.4.4 for samples of 50, 100,
200 and 500 examinees.
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Since the results were essentially identical for the three largest samples,
the decision was made to conduct our analyses on a hypothetical sample
of 100 examinees. (A complete description of the entries in Tables
3.4.1 to 3.4.4 is provided in section 4.1.)
3.5 Criterion Measures
Two criterion measures were introduced to assess the effectiveness
of the tailored testing strategies under different sets of conditions.
The first criterion was a count of the number of objectives tested or
equivalently, the amount of testing time used. Under conventional
testing, 16 objectives were tested in hierarchy A and 18 objectives in
hierarchy B. These numbers provided a baseline for interpreting the
results with the various tailored testing strategies.
A second criterion was a measure of agreement between an individual’s
true mastery record and observed mastery record. The number of Type I
(false-negative)
,
Type II (false-positive) and combined errors were
tabulated for each individual and then totals were compiled by summing
across individuals. These totals were compiled for each tailored test-
ing strategy so that comparisons could be made.
/ »
3.6 Procedure
A considerable amount of time was spent developing a general CDC.
3600 computer program for the purpose of conducting the simulation
study.
In addition to extensive checks that were made on the accuracy
of the
computer output, we also applied a two-way chi-square test
to establish
the appropriateness of the random number generator.
The tailored testing strategies involved the
combination of four
-37-
starting points, five test lengths, and two observed mastery cutting
scores. In addition, we considered three distinct routing procedures.
The combinations of the levels of the four factors, starting point,
routing procedure, test length, and observed cutting score, were con-
sidered with two learning hierarchies and three ability distributions.
The two criterion measures for evaluating the tailored testing strategies
were the number of objectives tested and the agreement between true
and observed mastery records.
The steps involved in our data generation and analysis were as
follows
:
Step ... . Pick one of the two hierarchies.
Step 2
. Select one of the four starting points.
Step 3 . Select one of the three ability distributions.
Step 4 . Select one of the five test lengths.
Step 5. Select one of the two observed mastery cutting scores. (For
the 1 and 2 item tests there was only one.)
Step 6 . Select one of the three routing procedures.
Step 7 . For each of 100 individuals proceed through the following steps,
/
1
a. Select a true mastery score for an individual on objective
13. This was done according to the methodology outlined
in Section 3.3 on the distribution of true mastery scores.
b. Generate true mastery scores for the individual on the
remaining objectives in the hierarchy. Again, this was done
according to the methodology outlined in Section 3.3 for the
distribution of true mastery scores.
-38-
c. Produce a true mastery record for the individual. That
is, for each true mastery score corresponding to an ob-
jective in the learning hierarchy, set w = 1, if tt > n
— o
*
and set w = 0, if tt < tt .
o
d. Beginning at the appropriate starting point, simulate an
individual’s performance on n test items measuring the
objective. This was done by generating n random numbers
from a uniform distribution on the interval (0, 1). The
individual’s observed mastery score was the proportion of
random numbers on the interval (0, tt) where tt was the in-
dividual's true mastery score on the objective. Use the
observed mastery score to determine the mastery state of
the individual. That is, set w = 1, if It > , and set
— o
w = 0, if ft < ft .
o
e. Implement the appropriate routing procedure (see step 6).
Testing continued until an individual had been assigned
to a mastery state for each objective in the learning
hierarchy.
f. Compute the two criterion measures. The first was the num-
ber of objectives actually tested. The second was the
number of Type I and Type II errors.
g. Simulate test performance of the individual on all objec-
tives in the learning hierarchy. (This was done by repeat-
ing the first part of (d) and making use of the individual s
true mastery scores.) Obtain the individual s true and
observed mastery record for the purpose of calculating
Type
-39-
I and Type II errors. These errors provided an indication
of the errors that would be obtained in a conventional
testing situation.
In summary, for each combination of the levels of the six factors
(see Steps 1 to 6) the parts (a) to (g) in Step 7 were carried out to
produce some statistics on the effectiveness of a tailored testing
strategy under a specified set of conditions.
Chapter IV
Results and Discussion
4.1 Introduction
A summary of the simulation results with the fixed-step-size rout-
ing procedure are reported in Tables 4.1.1 and 4.1.2. For convenience
we have reported and discussed the results with each of the hierarchies
separately. For each combination of the levels of the four factors,
starting point, true mastery score distribution, observed mastery cut-
ting score and test length, we have tabulated the number of errors,
total errors, Type I errors (false-negative errors) and Type II errors
>
(false—positive errors) and the number of objectives tested across our
sample of 100 examinees. In addition we have reported the same informa-
tion for our simulations of the conventional testing procedure. Totals
are reported in the tables for convenience. Also, it should be noted
that hierarchy B consisting of 18 objectives is two objectives longer
than hierarchy A and this, in part, explains why the number of errors
and the number of objectives tested was larger.
The remainder of the chapter is divided into three sections. The
first is a comparison of tailored testing and conventional testing re-
sults reported in Tables 4.1.1 and 4.1.2. The second is an in-depth
analysis of selected features of the simulation results. In the final
section we have reported on our comparative analysis of the three rout-
ing procedures.
4.2 A Comparison of Tailored Testing and Conventional Testing
The average number of errors of classification for hierarchy A
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across all of the tailored testing strategies and individuals was 1.43.
For the convent ional testing simulations the average was 1.68. In
addition, the average number of objectives tested for hierarchy A across
all of the tailored testing strategies and individuals was 6.54. With
the conventional testing simulations, individuals were tested on all
16 objectives in the hierarchy. Thus, not only did the tailored testing
strategies result in slightly fewer errors of classification, on the
average, than conventional testing, but only 40.8% as much testing time
was required. To say it in another way, on the average, the tailored
testing strategies resulted in a 59.2% reduction in testing time. (At
first glance it may seem paradoxical that the errors of classification
were greater with conventional testing even with the additional testing
time. This can be explained when one considers the fact that more than
twice as many test items were encountered during conventional testing
thereby increasing the probability of making additional errors of
classification.
)
The analysis was repeated for hierarchy B and similar results were
obtained. The average number of errors of classification across all
of’ the tailored testing strategies and individuals was 2.49 and the
average number of objectives tested was 8.43. In contrast, the average
number of errors of classification with the conventional testing pro-
cedures was 2.26 with a total of 18 objectives tested. With hierarchy
B, for the tailored testing strategies there was a 53.2% reduction
in
testing time with the average number of errors of classification slightly
higher
.
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A.3 Investigation of the Importance of the Factors of Starting Point
and Ability Distribution on the Number of Errors of Classification
The data for the analysis were reported in Table A. 3.1 for hierarchy
A and Table A. 3. 2 for hierarchy B. By way of explanation for Tables
A. 3.1 and A. 3. 2 and several tables later in the chapter we note that
the average number of errors with each starting point and ability dis-
tribution was obtained by summing over simulations of different test
lengths and cutting scores. Numbers reported in the "Range of Class-
ification Errors" column are the minimum and maximum number of class-
ification errors for each ability distribution across all combinations
of the remaining factors.
The results for hierarchy A indicated that the average values of
the errors of classification varied only slightly as a function of
starting point. The very slight trend was that with a high negatively
skewed distribution of true mastery scores, the number of errors of
classification were smaller if testing was initiated from the top
rather than the bottom of the learning hierarchy.
This trend was much more pronounced with hierarchy B. As expected,
with a positively-skewed distribution of true mastery scores it was more
/ f
efficient to initiate testing at the bottom of the hierarchy. On the
average about one less error of classification per individual was made.
With a high negatively-skewed distribution of true mastery scores,
on the
average, about 1/2 fewer errors of classification per individual
were
made by initiating testing at the top rather than the
bottom of the
hierarchy.
An additional finding revealed by the tables was
that the average
number of errors of classification tended to be
largest for the positively
-51-
Table 4.3.1
Summary of the Average Number of Errors of Classification for
Combinations of Levels of Ability Distribution and
Starting Point Factors with Hierarchy A
(Totals Based on a Sample of 100 Examinees)
Ability Distribution
R/N
Range of
Classification
Errors
Average Number of Errors with Starting Point
5 10 13 16
2/6 117-257 174 182 178 173
4/6 97-201 151 140 142 147
5/6 60-175 117 101 99 102
Table 4.3.2
Summary of the Average Number of Errors of Classification for
Combinations of Levels of Ability Distribution and
Starting Point Factors with Hierarchy B
(Totals Based on a Sample of 100 Examinees)
Ability Distribution
R/N
Range of
Classif icati on
Errors
Average Number of Errors
1 13
with
17
Starting Point
18
" 2/6 224-489 274 377 367 356
4/6 166-340 249 241 256 256
5/6 94-318 197 124 139 130
-52-
skewed distribution of true mastery scores and lowest for the high
negatively skewed distributions.
4.4 Investigation of the Importance of the Factors of Starting Point
and Ability Distribution on the Number of Objectives Tested
Tables 4.4.1 and 4.4.2 summarized the data for this analysis. The
tables were constructed in the same way as Tables 4.3.1 and 4.3.2 with
the average number of objectives tested substituted for the average
number of classification errors.
The results of this analysis were fairly clear although there were
two exceptions. In summary it could be said that the number of objectives
tested was fewer when middle level objectives were chosen as the start-
ing point. The reduction was about two objectives per individual for
hierarchy A and in the range of two to three objectives per individual
for hierarchy B. (With hierarchy A, middle level objectives were num-
bers 10 and 13 and with hierarchy B, objective number 13 was the only
middle level objective.)
4.5 Investigation of the Importance of the Factors of Test Length,
Cutting Score, and Ability Distribution on the Number of Errors
of Classification
The data for this analysis were reported for hierarchy A in Table
4.5.1 and for hierarchy B in Table 4.5.2. The results in Table 4.5.1
for hierarchy A revealed that the average number of errors of class-
ification was lowest for the five item test, with a mastery cutting
score of 0. 80, regardless of the ability distribution. Similar
results
were obtained with hierarchy B. (One exception occurred with the
positively-skewed distribution of true mastery scores.)
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Table 4.4.1
Summary of the Average Number of Objectives Tested for
Combinations of Levels of Ability Distribution and
Starting Point Factors with Hierarchy A
(Totals Based on a Sample of 100 Examinees)
Ability Distribution
R/N
Range of
Objectives
Tested
Ave. No. of Objs. Tested with Starting Point
5 10 13 16
2/6 537-955 755 611 653 835
4/6 484-854 741 558 558 780
5/6 470-744 732 530 510 649
Table 4.4.2
Summary of the Average Number of Objectives Tested for
Combinations of Levels of Ability Distribution and
Starting Point Factors with Hierarchy B
(Totals Based on a Sample of 100 Examinees)
Ability Distribution
R/N
Range of
Objectives
Tested
Ave. No. of
1
Objs. Tested
13
with
17
Starting Point
18
2/6 531-1126 689 755 1043 976
4/6 607-1047 820 684 983 891
5/6 583-979 885 625 924
834
-54 -
Table 4.5.1
Summary of the Average Number of Errors of Classification for
Combinations of Levels of Ability Distribution, Cutting Score and
Test Length Factors with Hierarchy A
(Totals Rased on a Sample of 100 Examinees)
Ability
Distribution
R/N
Average Number of Errors
1/1
Number of Correct Answers /Total Number of
Required for Mastery / Test Items
2/2 2/3 3/3 3/4 4/4 4/5 5/5
2/6 227 172 204 168 173 159 142 165
4/6 183 145 177 135 122 125 115 155
5/6 133 94 124 142 91 103 70 130
Table 4.5.2
Summary of the Average Number of Errors of Classification for
Combinations of Levels of Ability Distribution, Cutting Score and
Test Length Factors with Hierarchy B
(Totals Based on a Sample of 100 Examinees)
Ability
Distribution
R/N
Average Number of Errors
1/1
Number of Correct Answers/Total Number of
Required for Mastery > Test Items
2/2 2/3 3/3 3/4 4/4 4/5 5/5
2/6 439 338 429 298 366 267 307 274
4/6 284 270 242 244 239 243 222 254
5/6 150 166 113 157 113 178 111 194
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As one moved from a test length of one item and a mastery cutting
score of 1.0 to a test length of five items and a mastery cutting 6core
of 0.80 the average number of errors of classification was reduced by
about 40%. Also, as was the case with other analyses it was revealed
that the average number of errors of classification was usually lowest
for the high negatively-skewed distribution of true mastery scores and
highest for the positively-skewed distribution of true mastery scores.
4.6 Investigation of the Importance of the Factors of Test Length,
Cutting Score, and Ability Distribution on the Number of Objec-
tives Tested
The data for this analysis were reported for hierarchy A in Table
4.6.1 and for hierarchy B in Table 4.6.2. The results for hierarchy
A indicated that the fewest number of objectives tested occurred, on
the average, at a test length of three items with an observed mastery
cutting score of 0.67. The maximum number of objectives tested occurred, on
the average, with tests of five items and an observed mastery cutting
score of 1.0. With hierarchy B there was surprisingly little varia-
tion in the numbers of objectives tested as a function of ability
distribution
,
cutting score, and test length. But what differences
occurred were in the same locations and in the same direction as with
hierarchy A.
4.7 Investigation of the Importance of the Factors of .Test Length,
Cutting Score, and Ability Distribution on the Percentage of Type I
Errors of Classification
The data for our analysis of hierarchy A were reported in Table 4.7.1 and for
hierarchy B in Table 4.7.2. Our results indicated two significant trends
in the data which were clear from both tables. The first was that as one
-56-
Table A. 6.1
Summary of the Average Number of Objectives Tested for
Combinations of Levels of Ability Distribution, Cutting Score and
Test Length Factors with Hierarchy A
(Totals based on a Sample of 100 Examinees)
Ability
Distribution
R/N
1/1
Average Number of Objectives Tested
Number of Correct Answers /Total Number of
Required for Mastery / Test Items
2/2 2/3 3/3 ^ 3/A A/A A/5 5/5
2/6 65A 711 637 758 669 792 69A 795
A/6 596 6A5 587 676 609 689 62A 721
5/6 576 603 575 619 578 6A6 592 6A9
•* Table A. 6.
2
Summary of the Average Number of Objectives Tested for
Combinations of Levels of Ability Distribution, Cutting Score and
Test Length Factors with Hierarchy B
(Totals Based on a Sample of 100 Examinees)
Ability
Di stribution
R/N
Average Number of Obj ectives Tested
1/1
Number of Correct Answers/Total Number of
Required for Mastery ' Test Items
2/2 2/3 3/3 3/A A/A A/5 5/5
2/6 8A1 858 828 885 880 86A 877 896
A/6 809 8A7 818 866 83A 879 831 876
5/6 80A 806 802 826 805 833 807 8A2
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Tablc 4.7.1
Summary of the Average Fcrcent of Type. I Errors of
Classification for Combinations of Levels of Ability
Distribution, Cutting Score and Test Length Factors with
Hierarchy A
Ability
Distribution
R/N
Average Percent of Type T Errors of Classification
1/1
Number of Correct Answers/Total Number of
Required for Mastery / Test Items
2/2 2/3 3/3 3/4 4/4 4/5 5/5
2/6 6.6 16.7 2.9 49.9 6 .
6
71.4 12.7 77.1
4/6 9.7 30.9 3.3 58.7 6.3 73.7 12.9 82.1
5/6 14.9 36.9 4.4 65.8 8.2 82.2 17.3 88.4
Table 4.7.2
Summary of the Average Percent of Type I Errors of
Classification for Combinations of Levels of Ability
Distribution, Cutting Score and Test Length Factors with
Hierarchy B
Ability
Distribution
R/N
Average Percent of Type I Errors of Classification
Number of Correct Answers/Total Number of
Required for Mastery / Test Items
1/1 2/2 2/3 3/3 3/4 4/4 4/5 5/5
2/6 8.3 24.5 5.5 37.0 12.2 59.0 21.4 74.0
4/6 17.6 33.9 6.6 53.2 9.3 66.5 19.3 76.9
5/6 21.7 47.1 5.7 67.1 9.0 78.7 20.9 88.2
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moved from a positively skewed distribution to a high negatively skewed
distribution of true mastery scores the percentage of Type I errors of
the total errors of classification increased. Second, it was quite clear
that as the test length was increased, for a fixed mastery cutting score
of 1.0, that the percentage of Type I errors of the total number of
errors of classification increased irrespective of the ability distri-
bution. The percentage varied from about 10% for the one-item tests
to over 80% for the five-item tests. Finally it was quite clear from
the data that if the observed mastery cutting score was set below the
true mastery cutting score (i.e., when the mastery cutting was set at
.67 and .75) that the percentage of Type I errors of the total number
of errors was low. The reverse was true with an observed mastery cut-
ting scores above the true mastery cutting score. The larger percentage
of the number of errors of classification were of the Type II variety.
Thus these data provide some very useful information on the effect
of the observed mastery cutting score on the type and number of errors
of classification.
A. 8 A Comparison of the Effectiveness of Three Routing Procedures
The data for this analysis were reported for hierarchy A in Tables
A. 8.1 and A. 8. 3 and for hierarchy B in Tables A. 8. 2 and A.
8. A. Three
variations in routing strategy were investigated. Two of the
methods,
referred to as method I and II, involved variable-step-size
procedures
while the third method involved the fixed-step-size
procedure used in
the other parts of our analysis. Complete
details of the three routing
-59-
Tab lc A. 8.1
Summary of the Average Number of Errors of Classification
for Three Levels of the Ability Distribution Factor and
Three Routing Strategies with Hierarchy A
(Totals Based on a Sample of 100 Examinees)
Ability Distribution
R/N
Average Number of Errors of Classification
Method I Method II Method TTT
2/6 200 177 178
A/6 166 152 1A2
5/6 10A 101 99
Table A. 8.
2
Summary of the Average Number of Errors of Classification
for Three Levels of the Ability Distribution Factor and
Three Routing Strategies with Hierarchy B
(Totals Based on a Sample of 100 Examinees)
Ability Distribution
R/N
Average Number of Errors of Classification
Method I Method II Method III
2/6 301 32A 377
A/6 268 251 2A1
5/6 179 152 12A
-60-
Table A. 8.
3
Summary of the Average Number of Objectives Tested
for Three Levels of the Ability Distribution
Factor and Three Routing Strategies with Hierarchy A
(Totals Based on a Sample of 100 F.xaminees)
Ability Distribution
R/N
Average Number of Objectives Tested
Method I Method II Method ITT
2/6 773 711 653
A/6 698 617 558
5/6 625 583 510
>'
Table 4. 8.
A
Summary of the Average Number of Objectives Tested
for Three Levels of the Ability Distribution
Factor and Three Routing Strategies with Hierarchy B
(Totals Based cn a Sample of 100 Examinees)
Ability Distribution
R/N
Average Number of Objectives Tested
Method I Method II Method III
2/6 7A0 752 755
A/6 831 753 68A
5/6 872 750 625
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procedures were described in Section 3.3. The analyses were conducted
with a test length of five items, an observed mastery cutting score of
0.8 and objective 13 as the starting point.
The results were rather different for the two hierarchies. With
hierarchy A, the results indicated that regardless of ability distri-
bution method III was better than method II and method II was better than
method I. In terms of the average number of errors of classification
however the differences were slight. The differences were somewhat
larger among the three routing methods for the numbers of objectives
tested.
For hierarchy B, method I and II produced the fewest average number
of errors of classification and objectives tested for the positively
skewed distribution of true mastery scores across the objectives in the
learning hierarchy for the sample of individuals. On the other hand,
substantially better results were obtained from the high negatively
skewed distribution of true mastery scores with method III. In all
cases the difference between method I and III were the most pronounced.
5.1 Concluding Remarks
Chapter V
Conclusions
The development and implementation of objective-based programs in
education has been proceeding at a rapid rate. One of the major criti-
cisms of these programs is that they require an extensive amount of
testing time. Of the many suggestions that have been made for re-
ducing the testing time, one of the most appealing is to implement some
version of tailored testing. Unfortunately there has been only one
study (Ferguson, 1969) reported in the literature that would provide
any guidelines for how this might be done. Hence there is considerable
need for further studies on the various facets of tailored testing be-
fore an implementation phase should take place. It should be noted
4
that the results of Ferguson’s work apply only to computer-administered
tests whereas at the present time, such computer facilities are not
typically used for this purpose in objective-based programs.
The purpose of this simulation study was to assess the effective-
ness of various tailored testing strategies for different testing
situations. The four factors of a tailored testing strategy under
study were test length, mastery cutting scor\-, starting point and the
routing procedure. The various levels of the four factors were com-
bined to generate a multitude of tailored testing strategies that were
studied for their effectiveness at reducing the testing time and
erxois of
classification with two learning hierarchies and three different
distributions
-62-
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of true mastery scm es for individuals across the hierarchies. Primarily
because of the complexity of the problem and our desire to produce a
large quantity of data on tailored testing strategies, a computer simu-
lation approach to the problem was decided upon. Since our primary goal
was to produce results of tailored testing strategies that would provide
guidelines for future empirical studies and implementation in objective-
based programs operating without the aid of computer terminals, only
simple tailored testing strategies were considered. Primarily this meant
that decision rules for monitoring an individual through a hierarchy were
simple enough so that they could be implemented in a classroom testing
situc ion.
Our results indicated that it was possible to obtain an overall
reduction of more than 50% in testing time which could be achieved by
utilizing a tailored testing procedure as an alternative to a con-
ventional testing procedure. With Gagne’s hierarchy (hierarchy A)
the tailored testing strategies resulted, on the average, in an over-
all reduction of testing time of 59.2%. With Ferguson’s hierarchy
(hierarchy B) the reduction was by 53.2%. It is likely that tailored
testing strategies with hierarchy B were not quite as effective as with
hierarchy A because of the fact that hierarchy B had two terminal ob-
jectives whereas hierarchy A had only one. The difference in results
serve to highlight the importance of the particular form
of the struc-
ture of objective on the effectiveness of tailored testing strategies.
Nevertheless it was dramatically clear that there was
a considerable
be gained by resorting to a tailored testingsaving in testing time to
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strategy, regardless of the hierarchy. In the future perhaps more
sophisticated strategies might be produced to more effectively handle
hierarchies with more than one terminal objective.
We note that with certain tailored testing strategies the re-
ducti n in testing time was as much as 70%. This result was achieved
with both hierarchies. Our results on the saving of testing time which
varied from 50-70% compared favorably with the empirical results of
Ferguson (1969) where he reported a saving of testing time of 60% over
conventional testing. The similarity of the results would seem to
add some validity to the appropriateness of our simulation procedures.
While the reductions in testing time derived from the tailored
testing strategies were impressive they would have meant little if the
total numbers of errors of classification were substantially larger.
Fortunately whis was not the case. In fact with hierarchy A the tailored
testing strategies resulted in a slightly lower number of errors of
classification than with conventional testing. The reverse was true
with hierarchy B but again, the differences were slight. This finding
along with the information on the comparisons of testing time for con-
ventional and tailored testing provide strong support for what many
researchers have been speculating on. That is, there is much to be
gained in terms of testing time efficiency without any significant
loss
in the accuracy of decision-making by resorting to a tailored
testing
strategy in the context of objective-based programs.
Looking next at the various tailored testing strategies we note
several general findings. First, if the distribution
of true mastery
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scores across the objectives in the learning hierarchy was positively
skewed, it was far more effective, in terms of reducing the total num-
ber of errors of classification, to initiate testing at the bottom
part of the hierarchy. With a high negatively skewed distribution of
true mastery scores, the total number of errors of classification was
reduced by initiating testing at the top rather than the bottom of the
learning hierarchy. However, it should be noted that what differences
were obtained tended to be small.
Second, on the matter of testing time, it seemed that testing time
was lowest when testing was initiated in the middle rather than at the
extremes of the learning hierarchy. About two less objectives, on the
average, were tested if testing was initiated in the middle of the
learning hierarchy.
Third, on the average, there was a 40% reduction in the
number of errors of classification with a five-item test and an ob-
served mastery cutting score of 0.80 as compared to a one-item test
with an observed mastery cutting of 1.00. As expected, the longer the
test, the fewer the average number of errors of classification.
Fourth, a study of the types of errors (false-positive and false-
negative) revealed that this was controlled by the position of the ob-
served cutting score. When the observed cutting score was set above the
true mastery cutting score, the majority of the errors were of the
false-negative type. If it was set lower, the highest percentage of the
total errors were of the false-positive type.
Finally we note that while our analysis of routing methods was not
extensive, it did indicate the importance of routing methods on the
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overall effectiveness of a tailored testing strategy and with two dif-
ferent learning hierarchies. Clearly though this is one of the important
areas for further study.
5.2 Suggestions for Further Research
Among the problems that remain to be resolved in the area of tailored
testing research, two seem particularly important. The first involves
an extension of the work described in this study. Of rn^st importance
we see a need for further study of routing methods and stopping rules.
In addition it would likely be useful to consider test models in the
simulation of test data that incorporated a guessing factor since it is
well-known that guessing does play some part in individual test performance.
A second line of research would involve some empirical research on
tailored testing in the schools. The design of such a study would in-
volve developing a programmed instruction booklet which would include
test items designed to measure specific objectives in a learning hier-
archy, a self-scoring device and routing directions. Among the factors
that could be investigated in an empirical study are test length, mastery
cutting score, and routing method. In addition it would be intei esting
to study the merits, in terms of overall testing efficiency, of having
individuals generate their own starting points for testing in the learn-
ing hierarchy.
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